can be divided into three groups, which correspond to fractions separated by gel chromatography having mol.wts. of 15 000, 60000 and 100000.
The activity of proteolytic enzymes in barley and malt was historically measured with protein substrates such as haemoglobin, casein, gliadin, gelatin or with synthetic substrates including N-substituted peptides. Since proteolytic activity is influenced by the amino acid sequence of the substrate as well as by its tertiary structure, it is better to use hordein, the natural substrate.
Detail of proteolytic degradation during brewing is best followed by considering the important stages in the process: malting, mashing, wort boiling and maturation.
Active proteolysis during fermentation mainly occurs within the yeast cell. The complexity of intercellular transformations relevant to different yeast strains is so complex that it could easily justify a separate lecture and has had to be excluded from these discussions.
Malting
The endopeptidases active in malting attack proteins and large polypeptides hydrolysing peptide bonds towards the interior of the peptide chain, thus rapidly decreasing the molecular weight. The action of these enzymes is crucial to the initial solubilization of high-molecular-weight hordein. The most important endopeptidases are the acidic thiol-endopeptidases. They are active in the endosperm of grain having an internal pH of around 5. They are synthesized in the aleurone layer early in germination, stimulated by native gibberellin or added gibberellic acid. The exopeptidases release one amino acid from either end of the peptide chain, hence amino acids with free carboxy or amino groups are produced. The aminopeptidases and dipeptidases are mainly active in the scutellum and are probably involved in the absorption of amino acids by the growing embryo. Carboxypeptidases, however, are found both in the starchy endosperm and in the scutellum and can release amino acids from hordein as well as from smaller peptides. The extent to which hordein is solubilized during malting depends mainly on thiol-endopeptidase activity and, to a lesser extent, carboxypeptidase. The latter is stored in the grain as a zymogen and significant levels of activity can be detected in barley. Carboxypeptidase activity increases further during steeping, and continues to increase up to the third day of germination. Endopeptidase activity is not usually detectable in barley before steeping. The enzyme is released from the aleurone layer during the early stages of germination, reaching a peak between 3 and 4 days after steeping, well before maximum a-amylase activity. It is most susceptible to external influences like moisture levels, gibberellic acid, the temperature of steeping and germination, and the duration of the germination period. Barley variety also plays an important role (Baxter et al., 1978) . During the kilning stages of malting the thermolabile enzymes such as endopeptidases are denatured as the temperature rises. The carboxypeptidases are much less affected, especially in low-temperature kilned malts such as lager malts. In terms of the molecularweight breakdown occurring during malting, malt hordein generally contains less of the material of mol.wt. 60000 compared with hordein from the starting barley.
Mashing
During mashing, starch is converted into fermentable sugars at temperatures between 35 and 65OC. This temperature is either kept constant at 65OC (the 'isothermal mash') or is progressively increased from 35 to 65OC. Endo-and carboxypeptidase activity is much more evident in the latter circumstances, since both enzymes, but especially the endopeptidase, are de-activated at 65OC. Finally, all enzyme activity is destroyed in the next stage of brewing in which the extract (wort) is boiled.
Wort boiling
When malt extract is boiled, much of the protein is denatured and precipitated. After boiling, the wort is cooled, fermented and conditioned before filtration and packaging. The degradation of barley protein and the production of amino acids during malting, mashing and wort boiling has been well described by Jones & Pierce ( 1963, 1966) .
Maturation
Haze forms in beer when it is stored, owing to protein and polyphenolic materials combining to form insoluble complexes. It is common practice to retard or prevent the appearance of storage haze by the addition of proteolytic enzymes during maturation. This process was first patented by Wallerstein in 1911, and despite the introduction of other forms of stabilization, it is still used extensively. The original enzyme preparation used was a relatively crude form of papain. Other enzymes which have been tried include bromelein and ficin. Papain is by far the most common; it has a wide pH-activity range (5.0-3.9) and works at temperatures as low as OOC. The mechanism whereby papain acts on beer protein is unclear. Two hypothetical mechanisms have been put forward. One relies on the postulate of straightforward hydrolysis of peptide bonds in molecules of mol.wt. 5 100000. The lower-molecular-weight units formed are less liable to aggregate to haze particles. The other theory is based on the observation that papain will 'clot' certain proteins. This results in larger molecules, which are removed during filtration.
To summarize-too little proteolysis causes poor extract yields and inadequate fermentation. Too much proteolysis, particularly the degradation effected by endopeptidases, leads to problems with foam stability, colour and flavour. Thankfully for the consumer, the brewing industry regularly achieves the correct balance. Enzymic hydrolysis offers a convenient way of improving functional properties of protein ingredients intended for incorporation into food systems. Uncontrolled or prolonged proteolysis, however, most often results in the formation of bitter peptides and hydrolysates with uninteresting functional properties. The proteolysis reaction must, therefore, be carefully monitored and controlled in order to manufacture ingredients with the desired 'degree of hydrolysis' as this parameter is the key to product quality.
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Concept of controlled proteolysis
As a quantitative measure for the proteolysis the 'degree of hydrolysis' or 'DH' has been defined previously by Adler-Nissen (1976 , 1977 as the percentage of peptide bonds cleaved. The advantage of DH as the controlling parameter is that this parameter at constant pH largely determines the properties of the hydrolysate, independent (to a certain extent) of other process parameters, such as substrate concentration, enzyme dosage and temperature (Adler-Nissen, 1982) .
When the proteolytic reaction is carried out at a pH above the average pK value of the amino groups, a continuous addition of base during the reaction is necessary to maintain the desired pH (Adler-Nissen, 1977) .
The amount of base is proportional to the hydrolysis equivalents h (m-equiv./g of protein) (Adler- Nissen, 1982) : 
where h,,,. is the total number of peptide bonds in a protein (m-equiv./g of protein). h,,,, is calculated from the amino acid composition, and an approximate value of 8m-equiv./g of protein can be used unless otherwise specified. In case of non-protein-nitrogen (NPN) present, the h,,,, value should be multiplied by the TCA index (Adler-Nissen et al., 1982) .
When DH or h is plotted versus time, a hydrolysis curve is obtained. Fig. 1 shows examples of hydrolysis curves for different proteins with the same enzyme (Alcalase) under identical conditions, and Fig. 2 shows the hydrolysis curves for two different enzymes (Alcalase and Neutrase) using the same substrate.
Applications of controlled proteolysis
In applying the concept of controlled proteolysis for the manufacture of food protein ingredients, the amount of base to reach a desired D H value is precalculated from the given equations. When this amount has been consumed in the pH-stat, 
Fig. 1. Hydrolysis ofproteins with Alcalase
Substrates were as follows: 1, casein; 2, maize isolate; 3, soy isolate; 4, wheat gluten; 5, cottonseed concentrate; 6, gelatine. the reaction must be terminated as quickly as possible. This can be done either by heat inactivation of the enzyme or by lowering of the pH with a suitable food-grade acid.
After inactivation, the whole hydrolysate mixture can be neutralized and dried, or the mixture can be separated at the acid pH and the supernatant treated further.
Functional protein hydrolysates
Common to these types of products is the very limited hydrolysis (DH 3-5%) and that the total mixture is neutralized and dried. Adler-Nissen & Olsen (1979) have shown. using soy (soya-bean) isolate as the substrate, that these products have a high solubility at acid pH, low viscosity in solution. good emulsifying capacity and high whipping expansion, but the foam stability was poor (Adler-Nissen et al.. 1982) . Similar products produced with soy concentrate as the substrate revealed amazingly high foam stability.
The whipping properties of ultrafiltered soy isolate hydrolysed to various DH values were also studied and compared with products produced from acid-precipitated soy isolate (Olsen & Adler-Nissen, 198 1). Excellent whipping properties of the low-DH products from ultrafiltered soy isolate were observed. A subsequent ultrafiltration treatment after hydrolysis produced whipping agents with egg-white properties.
Isoelectric soluble soy protein hydrol-vsate (ISSPH)
This product forms a clean, non-bitter solution at pH 4.5 and is thus suitable for incorporation into acidic soft drinks and fruit juices (Adler-Nissen, 1978) . As the raw material for this process, acid-washed white flakes were used (Olsen & AdlerNissen, 1979 ). The hydrolysis is terminated with a food-grade acid (e.g. malic) at a D H value of 10-15%. the value being a compromise between product yield and the formation of bitterness. After separation at the acid pH. the supernatant is treated with activated carbon to remove 'off flavours released during hydrolysis. Inactivation with, e.g., HC1, produces a slight bitterness in the hydrolysate, but if this product is mixed into curing brines, no off flavour can be detected in the finished meat products.
Blood-cell hydrolysate (BCH)
With slight modifications the ISSPH process can be used for the production of a white soluble protein hydrolysate from slaughterhouse blood (Anonymous, 1980) . After recovery of 
Fig. 2. Hydrolysis curves for soy protein isolate hydrolysed with
Alcalase and Neutrase The soy protein isolate was Purina 500 E. This substrate was 10% protein on the basis of protein = 6.25 x nitrogen. The ratio of enzyme to substrate was 1:50. The temperature was 5O0C. Alcalase was used at pH 8.0 and Neutrase at pH 7.0. the plasma by centrifugation of the blood, the cell fraction constitutes a major waste-disposal problem in many countries. Decoloration by means of controlled proteolysis opens up many possibilities of better utilization of this source of food protein. One obvious application is as an ingredient in curing brines used for pork products.
Conclusion
The above examples of the application of the concept of controlled proteolysis are very specific ones relating to a given substrate and enzyme system. The concept is, however, generally applicable in all proteolytic reactions where pH can be controlled. Under these circumstances DH is the parameter which determines the properties of the end products. This is of great industrial impdrtance, since the normal hydrolysis parameters (such as substrate concentration, enzyme dosage, and temperature) can be chosen at large (within limits) to fit a given system. 
Proteinase enzymes relevant to the baking industry

Although the fermentation industry has been important to man for over 7000 years, it has become very much a development industry in the last 25 years. With the increasing knowledge of micro-organisms and with a growing understanding of their potential, a new industry of biotechnology has emerged. Within that industry a specialized section of enzyme production and industrial enzyme application is prominent. When one lists the industries who currently use enzymes, it includes all types of fruit processing (including grape, apple, orange, peach, etc. . . .) to brewing and baking. It is this last industry that we wish to concentrate on in the present paper (Table 1) .
Bread is the most widely eaten food in the world and it provides a larger share of people's energy and protein than any other food. For that txason it has often been called 'the staff of life.' Bread is made by baking dough, which consists chiefly of flour or grain meal mixed with water or milk. Whereas the people of Europe and North America mainly eat bread as loaves or rolls made with wheat flour, in other parts of the world people eat thin crisp sheets of bread called flatbread. In this latter case Bread can be divided into three main types, namely yeast bread, quick bread and flatbread. Yeast bread is raised (puffed up) by yeast. Quick bread on the other hand is raised by the use of a baking powder or some other leaven. Flatbread contains little or no leaven and is very popular in Central and South America where it is often called a tortilla. The same bread in India is called chapatti, whereas it is called pitta in the Middle East, where it is made from durum wheat ( Table 2) .
Most commercial bakers in Western Europe and North America use enriched dough for white bread. This enrichment consists of vitamins and minerals and also baking and shelf-life improvers. Amongst the baking improvers are included chlorine dioxide and potassium bromate. These help give bread a smooth, even, texture. The shelf-life improvers, including monoacylglycerols, help to keep bread from becoming stale, whereas calcium propionate helps to reduce the growth of mould and bacteria. Amongst the processing aids are enzymes.
Dough is made into bread by one of two processes, namely conventional bread making or continuous bread making. With conventional bread making the ingredients are mixed in one of two methods; the sponge-dough method or the straight-dough method. The two methods differ mainly in the way in which the yeast and flour are mixed. In the first method, about two-thirds of the yeast and flour are mixed together (normally 4-8 h) and allowed to form a sponge, which ferments for up to 16h (raises). At the end of that time the rest of the ingredients are added and a further fermentation is allowed to occur. In the straight-dough method, all the ingredients are combined at once and allowed to ferment for approx. l f 2 h.
After either of these methods, the dough is divided into pieces, shaped, and fermented again for a short period of time in a process called 'proving', and then baked in an oven at about 22OOC (450OF).
It is during the fermentation process that the structure and texture of the bread is developed, mainly due to the presence of a wheat protein called gluten. In continuous bread making, highly specialized mixing equipment is used to reduce the fermentation time. In the most common method all the ingredients except 
